PROTEINURIA IS A PATHOLOGICAL process defined by the presence of Ͼ300 mg protein/day in the urine. Glomerular proteinuria mainly consists of albumin and derives from functional or physical alterations of the glomerular filtration barrier. Alterations of albumin reabsorption by the proximal tubule may also play an important role in the development of microalbuminuria (5, 31, 32) . Indeed, proximal tubular cells actively reabsorb luminal peptides and proteins, including albumin via the megalin-cubulin endocytotic pathway (23, 24) . The physiological importance of this mechanism was further highlighted by the recent discovery of cubulin polymorphisms associated with microalbuminuria and megalin polymorphism associated with loss of renal function (5, 6) . The reabsorption of filtered proteins by the proximal tubule therefore provides a proteinfree luminal fluid to more distal parts of the renal tubule (26) .
Proteinuria is a major predictive factor of chronic kidney disease (CKD) progression in humans (25, 30, 36) . The link among proteinuria, tubulo-interstitial inflammation, and fibrosis is still debated, but albumin overload might be toxic for proximal tubular cells. Indeed, severe proteinuria is associated with altered tubular cell differentiation and viability as well as interstitial inflammation in vivo (9) . In addition, studies on cultured proximal tubular cells have demonstrated that extracellular albumin overload leads to proinflammatory NF-B activation and expression of profibrotic factors such as transforming growth factor-␤ (TGF-␤; (40) ). Therefore, proximal tubular cells may participate in tubulo-interstitial inflammation and fibrosis observed in glomerular diseases (1) . Under proteinuric conditions, the reabsorptive capacity of the proximal tubule is overwhelmed and epithelial cells from more distal renal tubule segments, including the collecting duct (CD), are very likely exposed to higher concentrations of luminal albumin than proximal tubules according to 90% of filtered water reabsorption at the end of the descending limb of Henle's loop. On the other hand, the CD was recently demonstrated to have a major role in the initiation and progression of tubulointerstitial inflammation (12) .
We therefore investigated the effects of luminal albumin exposure of CD cells in vivo and in vitro. We demonstrated that albumin is internalized by CD cells. In both cultured cells and CDs from proteinuric rats, albumin endocytosis activated NF-B and TGF-␤ 1 signaling pathways resulting in expression of proinflammatory and profibrotic signaling markers, respectively. In addition, we show that neutrophil gelatinase-associated lipocalin (NGAL)/lipocalin-2/24p3 receptor (24p3R) mediates albumin internalization in CD cells and its consequences on proinflammatory and profibrotic signals.
METHODS
Antibodies. Anti-albumin FITC-conjugated (F0117) was purchased from DAKO, rabbit polyclonal anti-24p3R (SLC22A17) from Abnova, mouse monoclonal anti-␤-actin (A5441) and mouse monoclonal anti-␣-tubulin (T9026) from Sigma, mouse monoclonal anti-p65 (sc8008) and anti-HDAC3 (sc2632) from Santa Cruz, and rabbit polyclonal anti-phospho-Smad3 (C25A9) and anti-Smad3 (C67H9) from Cell Signaling. Rabbit polyclonal anti-aquaporin 2 (AQP2) antibodies (AB7661) were a kind gift of R. Fenton (University of Aarhus, Aarhus, Denmark).
Puromycin-aminonucleoside-induced nephrotic syndrome. All animal experiments were approved by the Institutional Ethical Committee of Animal Care in Geneva and Cantonal authorities. Male Wistar rats weighing 200 -250 g were injected with saline or a single intraperitoneal injection of puromycin aminonucleoside (Sigma, St. Louis, MO) at a dose of 130 mg/kg diluted to 25 mg/ml in 0.9% NaCl on day 0. Ten days after the injection, the rats were housed in separate metabolic cages and allowed free access to rat chow (Provimi Kliba, Kaiseraugst, Switzerland). Daily urine protein excretion was determined, and rats were killed on day 14. Blood was obtained for the measurement of serum albumin and the evaluation of renal function as measured by blood urea nitrogen and plasma creatinine. Biochemical data obtained at the last day of experiments are provided in Table 1 .
Cell culture and transfection. mCCD cl1 cells were cultured as described previously (10) . For small interfering (si)RNAs transfection, cells were seeded in 12-well plates and transfected with 50 pmol of siRNA and 2.5 l of Lipofectamine 2000 (Invitrogen) for 72 h. The siRNA duplexes (Invitrogen) were provided as purified and annealed duplexes. The following sequences were used: si24p3R 5=-AGAAAC-CGAAGAGCCAUAAUGCCUG-3=; and control scramble 5=-AGA-GCAAGCCGAACGAUACUAACUG-3=.
Lipid-and endotoxin-free albumin was purchased from Calbiochem (Sunnyvalle, CA). FITC-labeled albumin and inhibitor SB431542 were purchased from Sigma; recombinant human TGF-␤ 1 from R&D Systems (Minneapolis, MN); and LysoTracker Red DND-99 (L7528) from Molecular Probes (Carlsbad, CA). Cells were maintained in serum-and hormone-deprived medium 48 h before albumin or TGF-␤ 1 treatment. All experiments were performed in triplicate using different passages.
Flow cytometry. mCCDcl1 cells exposed to FITC-labeled albumin were washed four times with PBS buffer, trypsinized, and resuspended in PBS containing 2% BSA. Cells were analyzed for FITCalbumin uptake using ACCURI C6 flow cytometer.
Rat kidney immunohistochemistry and immunofluorescence. Rat kidneys were fixed by perfusion of 4% paraformaldehyde. Kidneys were removed, dehydrated, and paraffin embedded. Kidney sections 5 m in thickness were stained with Sirius red to assess kidney fibrosis. Immunohistochemistry was performed using the citrate buffer (0.1 mol/l, pH6) microwave-based antigen target retrieval technique and the EnVision Flex kit (Dako). For immunohistochemistry, slides were counterstained with hematoxylin for the nuclei staining. Immunofluorescence analysis on rat kidney sections was performed as previously described (8) .
Immunofluorescence cell microscopy. Microdissected CCDs were obtained from collagenase-treated rat kidney, and immunofluorescence analysis was performed as previously described (10) .
Cells grown on glass coverslips were incubated with FITC-labeled albumin at 0.1 mg/ml and LysoTracker Red at 5 M for 30 min and then rinsed five times with PBS and fixed with 4% paraformaldehyde for 20 min. Coverslips were mounted on glass slides with Vectashield (Vector laboratories). Confocal imaging was performed on a Leica TCS SP5 MP confocal microscope.
RNA extraction and real-time PCR. Total RNA was extracted from cultured cells or kidney tissues using an Nucleospin RNA II Kit (Macherey-Nagel) according to the manufacturer's instructions. Rat kidney tubules isolation was performed as previously described, (19) , and total RNA was extracted using RNeasy micro kit (Qiagen) according to the manufacturer's instructions. Five hundred nanograms of RNA were used to synthesize cDNA using the qScript cDNA SuperMix (Quanta Biosciences). Real-time PCR analysis was performed as previously described (15) . Primers used are described in Table 2 . Mouse or rat acidic ribosomal phosphoproteins P0 were used as internal standards.
Western blotting. mCCD cl1 cells or kidney tissue samples were lysed as previously described (27) . Cellular cytoplasmic and nuclear fractions were separated as follows. mCCDcl1 cells were suspended in an hypotonic buffer (10 mM HEPES pH 8, 10 mM KCl, and 1.5 mM MgCl2) supplemented with protease inhibitors (Complete EDTA free, Roche) for 15 min at 4°C. An equal volume of hypotonic buffer containing 1% NP40 was added and incubated an additional 5 min at 4°C. After centrifugation (3,000 rpm, 5 min), the supernatant was Values are means Ϯ SE; n ϭ no. of rats. PAN rats, puromycin-aminonucleoside-induced nephrotic rats; GFR, glomerular filtration rate; NS, not significant. Table 2 . Sequences of primers
RANTES, regulated on activation normal T-expressed and presumably secreted; TGF-␤1, transforming growth factor-␤1; ␣-SMA, ␣-smooth muscle actin; BMP-7, bone morphogenic protein-7; 24p3R, 24p3 receptor; MCP-1, monocyte chemoattractant protein-1. collected (cytoplasmic fraction) and the pellet was resuspended in a hypertonic buffer (2 mM HEPES pH 8, 450 mM KCl, 1.5 mM MgCl 2, and 25% glycerol) supplemented with protease inhibitors. After incubation for 30 min at 4°C, the supernatant (nuclear fraction) was collected by centrifugation (13,000 rpm, 5 min). Protein concentrations were determined by the Bradford procedure (Bio-Rad). Proteins were subjected to SDS-PAGE and blotted onto polyvinylidene difluoride membranes (Immobilon-P; Millipore) using standard methods.
Luciferase assay. Cells were cotransfected with (pB)3 IFN-Luc plasmid encoding Firefly luciferase under the control of three Benhancer elements (11) and pRL vector (Promega, Madison, WI) encoding Renilla luciferase used as control. Luciferase activity was measured using the Dual Luciferase Assay System (Promega) according to the manufacturer's instructions. The light produced was measured using a Lumat LB 9507 luminometer (EG&G Berthold, Bad Wildbad, Germany). Statistics. Results are given as the means Ϯ SE from n independent experiments. Comparisons between two groups were performed by unpaired Student's t-test if not stated otherwise.
Control

RESULTS
Apical albumin is internalized by CD cells.
Immunofluorescence analysis of albumin on kidney sections from puromycinaminonucleoside (PAN) nephrotic rats with proteinuria revealed strong albumin staining of proximal tubules but also of AQP2-positive tubules [CCDs and connecting tubules (CNTs); Fig. 1A ]. AQP2-positive tubules were not uniformely labeled, as expected in this model of focal glomerular disease. Intracellular albumin was observed in both principal (AQP2 positive) and intercalated (AQP2 negative) cells. Albumin internalization by CD cells was further confirmed using microdissected cortical CDs (CCD) from PAN or control rats. Intracellular albumin labeling was observed in both principal and intercalated cells (counterstained for AE1) from CCDs of PAN rats (Fig. 1B) . Confocal microscopy analysis of cultured mCCD cl1 principal cells exposed to apical FITClabeled albumin and Lyso Tracker Red, a marker of late endosomes and lysosomes, revealed a strong intracellular fluorescence corresponding to albumin internalization and degradation in lysosomes (Fig. 1C) . This internalization was dose dependent as confirmed by measurement of FITC-albumin intake by flow cytometry (Fig. 1D) . Time-course experiments of albumin uptake in mCCD cl1 cells revealed that this process is saturable, suggesting that albumin uptake is a receptor-mediated process in CD cells (Fig. 1E) .
Proinflammatory and profibrotic signaling markers are upregulated in CDs of proteinuric rats. Albuminuria is strongly correlated with CKD progression and therefore renal tubulointerstitial fibrosis (4, 13). Since we observed albumin endocytosis in CDs of proteinuric rats, we analyzed the expression of proinflammatory and profibrotic signaling markers in these animals. Real-time PCR analysis of renal cortex and microdissected CDs revealed higher regulated on activation normal T-expressed and presumably secreted (RANTES), ␣-smooth muscle actin (␣-SMA), and vimentin mRNA levels in PAN rats compared with control rats ( Fig. 2A ) both 7 and 14 days after PAN injection. Microdissected CD purity was assessed by detection of high AQP2 mRNA expression levels while NaPi-2a, a proximal tubule marker, was not expressed (Fig. 2B ). AQP2 mRNA expression was lower in PAN treated rats. Imaging of collagen accumulation by unpolarized Sirius red staining of kidney sections from PAN or control rats revealed areas of interstitial fibrosis in cortical labyrinths in PAN rats (Fig. 2C , middle, arrow), as expected. Fibrosis was also detected along medullary rays and surrounding CCDs (Fig. 2C, right, arrows) , identified by AQP2 immunohistochemistry on kidney serial sections. 
Albuminuria induces a proinflammatory response via NF-B activation.
Because albuminuria induces a proinflammatory response in proximal tubular cells (39), we investigated albumin's effect on the major proinflammatory NF-B pathway in cultured CD principal cells. We first tested whether albumin modulates NF-B transcriptional activity in mCCD cl1 cells transiently transfected with a luciferase reporter gene under the control of B elements. In cells exposed to endotoxin-and lipid-free albumin, luciferase activity increased in a dosedependent manner with a threshold effect observed at 10 mg/ml (Fig. 3A) . This concentration was used to show the nuclear translocation of NF-B complex p65 subunit observed after 30-min albumin exposure (Fig. 3B) . In addition, mRNA levels of three well-described NF-B target genes increased in a dose-dependent manner in mCCD cl1 cells exposed to albumin for 3 h (Fig. 3C) . The activation of NF-B is often described as a transient process (37) . We analyzed kinetics of NF-B activation in mCCD cl1 cells exposed to albuminuria-like conditions for 3, 6, and 24 h. The expression levels of TNF-␣ IB␣ and RANTES mRNA started to increase 3 h after albumin exposure but clearly decreased after 24 h, reflecting a transient activation of NF-B pathway (Fig. 3D) . We next investigated whether high concentrations of albumin could modify osmolarity, resulting in NF-B activation via the osmoprotective transcription factor TonEBP (29) . Addition of albumin up to 25 mg/ml did not modify the measured osmolarity of the incubation medium. In addition, the exposure of mCCD cl1 cells to 10 mg/ml albumin for 6 h did not alter the expression levels of aldose reductase, a typical TonEBP-responsive gene (data not shown). Finally, TonEBP silencing by siRNA did not prevent the increase in TNF-␣ expression in response to albumin (data not shown). Therefore, NF-B pathway activation by albumin is independent of TonEBP activity. A: mCCDcl1 cells were co-transfected with firefly luciferase under the control of specific B elements together with renilla luciferase under the control of a constitutive promoter. Cells were treated for 6 h with 10 ng/ml LPS or increasing concentrations (0.1-20 mg/ml) of albumin before measurement of luciferase activity. Results were calculated as a ratio of firefly/renilla luciferase activity and expressed as fold of control (Ctl) values. Results are expressed as means Ϯ SE from 6 independent experiments. B: cytosolic and nuclear fractions of mCCDcl1 cells exposed to 10 mg/ml albumin for 10, 30, and 60 min were analyzed by Western blot using anti-p65, anti-HDAC3, and anti-␣-tubulin antibodies. HDAC3 and ␣-tubulin were used as nuclear and cytosolic markers respectively. C and D: relative mRNA levels of TNF-␣, IB␣, and regulated on activation normal T-expressed and presumably secreted (RANTES) were quantified by real-time PCR using the housekeeping gene acidic ribosomal phosphoprotein P0 in mCCDcl1 cells exposed to increasing concentrations of albumin (0.1-30 mg/ml) or to 10 mg/ml albumin for different periods of time (3, 6 , and 24 h). Results are means Ϯ SE from 3 independent experiments. *P Ͻ 0.05, **P Ͻ 0.01, ***P Ͻ 0.001.
Albuminuria induces TGF-␤ 1 pathway.
Since interstitial fibrosis is strongly linked to CKD progression (33) and because albumin was reported to induce TGF-␤ 1 production by proximal tubule cells (38) , we analyzed whether albuminuria activates the TGF-␤ 1 pathway in mCCD cl1 cells. In cells exposed to various concentrations of albumin for 3 h we observed a dose-dependent increase of TGF-␤ 1 mRNA expression with a threshold effect at 1 mg/ml (Fig. 4A) . Time-course analysis of albumin exposure revealed that TGF-␤ 1 mRNA upregulation is maintained for at least 24 h (Fig. 4B) . The biological activity of albumin-induced TGF-␤ 1 expression was assessed by analysis of the phosphorylation levels of the transcription factor Smad3 and the expression levels of TGF-␤ 1 target genes. Increased phosphorylation of Smad3 was detected 1 h after albumin exposure and was sustained for at least 24 h (Fig. 4C) . Furthermore, TGF-␤ 1 target genes expression increased either after 3 h (Snail), after 6 h (␣-SMA), or after 48 h (vimentin), showing that activation of TGF-␤ 1 pathway and the expression of profibrotic signaling markers in response to albuminuria-like conditions is maintained over time (Fig. 4D) . In mCCD cl1 cells treated with SB431542, a specific TGF-␤ receptor 1 blocker, the increases of Snail and ␣-SMA expression induced by albumin or TGF-␤ 1 were abolished (Fig. 4E) . Therefore, albuminuria-like conditions induce TGF-␤ 1 upregulation and activate TGF-␤ 1 signaling pathway through TGF-␤ 1 and the canonical Smad-dependent pathway. These observations suggest that albuminuria-like conditions induce autocrine TGF-␤ 1 signaling in CD cells. Using siRNAs specifically targeting p65 or/and p50 NF-B subunits, we observed that increased TGF-␤ 1 expression in response to albumin does not rely on NF-B pathway activation in mCCD cl1 cells (data not shown).
NGAL/lipocalin-2/24p3R mediates albumin endocytosis and the subsequent activation of NF-B and TGF-␤ 1 pathways in CD cells.
Albumin endocytosis by the proximal tubule is mediated by the megalin/cubulin receptor complex that is specifically expressed in this nephron segment (7) . Expression of NGAL receptor or 24p3R has been recently described in distal tubules and CDs of mouse kidney where it could mediate protein endocytosis, especially albumin (18) . Immunohistochemistry analysis of serial sections revealed that 24p3R is expressed in cortical AQP2-positive tubules corresponding to both CNTs and CCDs (Fig. 5A) . Both principal and intercalated cells displayed apical staining for this receptor. In addition, some AQP2-negative tubules [distal tubules as already relative TGF-␤1 mRNA levels were quantified by real-time PCR in mCCDcl1 cells exposed to increasing concentrations of albumin (0.1 to 30 mg/ml; A) or to 10 mg/ml albumin for different periods of time (3, 6 , and 24 h; B). C: Western blot analysis of Smad3 phosphorylation kinetics in mCCDcl1 cells exposed to 10 mg/ml albumin. D: quantification of relative mRNA levels of profibrotic signaling markers Snail, ␣-smooth muscle actin (␣-SMA), and vimentin in mCCDcl1 cells treated with albumin for 3 to 72 h (D) or in mCCDcl1 cells exposed to albumin or TGF-␤1 for 3 h and cotreated or not with TGF-␤1 receptor kinase inhibitor SB4321542 (I) (E). Results are means Ϯ SE from 3 independent experiments. *P Ͻ 0.05, **P Ͻ 0.01, ***P Ͻ 0.001.
described (18)] also expressed 24p3R (data not shown). Finally, inner medullary collecting ducts also displayed 24pR staining (Fig. 5A) . To determine the role of this receptor in albumin endocytosis, we quantified FITC-albumin uptake in mCCD cl1 cells after 24p3R knockdown. Transfection of siRNA targeting 24p3R decreased 24p3R mRNA and protein expression by ϳ80%, as observed by real-time PCR and Western blot, respectively (Fig. 5B) . Measurement of FITC-albumin uptake by flow cytometry in mCCD cl1 cells revealed that 24p3R silencing reduced albumin uptake by ϳ40%, indicating . C: flow cytometry analysis of FITC-labeled albumin uptake in mCCDcl1 cells transfected with si24p3R or control siRNA and exposed or not to 0.01mg/ml albumin-FITC. Cells exposed to albumin-FITC but maintained at 4°C to block endocytosis were used as a negative control. D-F: relative mRNA levels of TNF-␣, IB␣ and RANTES (D), TGF-␤1 (E), Snail, and ␣-SMA (F) were quantified by real-time PCR in mCCDcl1 cells transfected with si24p3R or control siRNA (Ctl) and exposed to 10 mg/ml albumin for different periods of time (3, 6 , and 24 h). Results are means Ϯ SE from 3 independent experiments. *P Ͻ 0.05, **P Ͻ 0.01, ***P Ͻ 0.001. that 24p3R significantly contributes to albumin endocytosis in mCCD cl1 cells (Fig. 5C ). Since albuminuria-like conditions increased the mRNA levels of NF-B-induced genes, we assessed the effect of albumin on NF-B target genes expression after 24p3R silencing in mCCD cl1 cells. As shown in Fig.  5D , upregulation of NF-B target genes such as TNF-␣, IB␣, and RANTES in response to albuminuria-like conditions was blunted in cells depleted for 24p3R compared with control cells. The same experimental conditions were used to analyze the effect of 24p3R inhibition on TGF-␤ 1 and profibrotic signaling markers expression levels. The upregulation of TGF-␤ 1 , Snail, and ␣-SMA mRNA was almost abolished in 24p3R-depleted cells (Fig. 5, D-F) . Thus 24p3R mediates both NF-B and TGF-␤ 1 pathways activation through albumin internalization in mCCD cl1 cells.
Downregulation of 24p3R in response to albuminuria. Exposure of mCCD cl1 cells to albumin for 3-48 h revealed a downregulation of both 24p3R mRNA and protein (Fig. 6, A and  B) . This observation was confirmed by real-time PCR analysis of microdissected CDs from PAN rats compared with control animals (Fig. 6C) , whereas 24p3R was still clearly detected by immunohistochemistry in CCDs of PAN rats (Fig. 6D) . To study whether TGF-␤ 1 plays a role in this mechanism, mCCD cl1 cells were treated with TGF-␤ 1 for 12 or 24 h. That treatment clearly induces a decrease of 24p3R expression similar to albuminurialike conditions (Fig. 6, E and F) , suggesting the involvement of TGF-␤ 1 in the 24p3R downregulation induced by albumin.
DISCUSSION
We provide experimental evidence in vivo and in vitro that luminal albumin is not exclusively handled by proximal tubular cells but also by CD cells (Fig. 7) . We further demonstrate for the first time that internalization of albumin in the CD is partially dependent on the 24p3R and induces a proinflammatory and profibrotic autocrine response in cultured mCCD cl1 cells as well as in CDs from proteinuric rats. The distal nephron may therefore participate to kidney fibrosis progression in proteinuric nephropathies.
The link between albuminuria and CKD progression is well established by epidemiological studies (4, 20, 21) . Albumin toxicity is well described in the proximal tubule and appears related to albumin endocytosis (1). However, appearance of albumin in patient's urine implies saturation of the proximal tubule endocytotic mechanisms. Therefore, in the presence of albuminuria, distal nephron segments are exposed to albumin. Furthermore, defective uptake of albumin in the proximal tubule appears to be an important mechanism contributing to albuminuria in the general and diabetic population (2, 5, 31, 32) and may also contribute to glomerular filtration rate decline (6) . The effect of albumin exposure of distal part of the nephron has never been studied and may explain at least in part the correlation between albuminuria and CKD progression.
Recent experimental pieces of evidence point to the fact that tubular cells play mostly a paracrine role in kidney fibrosis (16, 17). Proximal as well as CD cells are indeed able to secrete both proinflammatory and profibrotic cytokines, attracting inflammatory cells and activating surrounding fibroblasts (12, 22, 34, 35) . A recent study indicates that CD cells specifically play a crucial role in the initiation of tubulointerstitial inflammation and injury in the unilateral ureteral obstruction model (12) . We here show for the first time in vivo and in vitro that albumin uptake by CD cells activates the canonical NF-B pathway leading to expression of proinflammatory cytokines. Among these, transcription of RANTES, recently demonstrated to play a major role in chemotactism by kidney epithelial cells during mouse nephropathies (22) , was clearly induced in vivo in CD cells of proteinuric rats. This observation is therefore consistent with a significant role of the CD in chemotactism and inflammation initiation under proteinuric conditions. The observed downregulation of AQP2 is consistent with previous reports in PAN induced nephrotic syndrome (3). The cause of this downregulation is currently unknown. It could be related to a direct effect of proteinuria, or of proinflammatory factors, since proinflammatory factors may downregulate AQP2 expression (14, 28) .
We further show in vivo that mRNA expression of vimentin and ␣-SMA are induced in CCDs of proteinuric rats at 7 and 14 days, implying local activation of the TGF-␤ 1 pathway. This was seen together with the apparition of fibrosis bands not only in cortical labyrinths, as previously described, but also in some cases in the vicinity of CDs in medullary rays. Albuminuriainduced TGF-␤ 1 expression in cultured CD cells, together with an increased expression of its target genes such as Snail and ␣-SMA that is prevented by blockade of TGF-␤ receptor 1, is suggestive of an autocrine mechanism. The CD may therefore participate in the activation of surrounding cells and fibrosis initiation in proteinuric kidney diseases.
Megalin and cubulin are not expressed in the distal nephron. We demonstrate that 24p3R, a NGAL-/lipocalin-2 receptor, shown to mediate protein endocytosis in the distal nephron (18) , is expressed in CNTs and CCDs of rats in addition to distal tubules and inner medullary collecting ducts (18) . In vitro knockdown of this receptor significantly decreased albumin uptake as well as the profibrotic and proinflammatory effects of albumin exposure. This indicates that internalization of albumin via the 24p3R plays a crucial role in the observed proinflammatory and profibrotic response of the CD. Albumin internalization was not fully abolished by 24p3R silencing, in agreement with residual expression of this receptor. However, we cannot exclude that other receptors may also participate in albumin endocytosis in CD cells.
We further observed that 24p3R is downregulated in the presence of albumin in vitro and at the mRNA level in vivo, suggesting that a negative feedback loop may decrease albumin internalization over time. Despite this downregulation, 24p3R protein was still expressed in AQP2-positive tubules (CNT and CCD) in proteinuric PAN rats and probably accounts for sustained, albeit lowered, albumin uptake.
In conclusion, we demonstrate that the distal nephron is exposed to and takes up albumin under conditions of proteinuria. Albumin internalization is in large part mediated through 24p3R receptor in this segment. It induces profibrotic and proinflammatory responses characterized by autocrine secretion of TGF-␤ 1 leading to target genes expression and by Furthermore, it triggers TGF-␤1 expression, activating the TGF-␤1 signaling pathway via an autocrine mechanism that induces both the expression of profibrotic markers, such as Snail and ␣-SMA, and the downregulation of 24p3R receptor that may reduce albumin overload.
upregulation of proinflammatory chemotactic factors production both in vitro and in vivo. Within the same time frame, bands of fibrosis are observed in the kidney cortex of proteinuric rats. Albumin endocytosis by the proximal tubule may therefore not be the single factor leading to renal tubulointerstitial fibrosis and inflammation. We postulate that the more distal segments of the kidney tubule, such as the CD, also play a role in the initiation and progression of these processes. 
